which can be v e c t o r i z e d f o r use on t h e STAR-100.
The new a l g o r i t h m i s a p p l i e d t o a simple t e s t
This algorithm, which i s s u i t a b l e f o r CDC STAR-100, i s compared t o ' successive l i n e overr e l a x a t i o n (SLOR) on a simple t e s t problem.
convergence r a t e of t h e e x p l i c i t scheme i s slower than t h a t o f SLOR. However, t h e e f f i c i e n c y of t h e e x p l i c i t scheme on t h e STAR-100 computer i s s u f f ic i e n t t o overcome t h e slower convergence r a t e and a l l o w an o v e r a l l speedup compared t o SLOR on t h e CYBER 175 computer.
Computer. The Test Problem
The t e s t problem chosen f o r t h i s p r e l i m i n a r y study i s t o s o l v e t h e transonic, nonlinear, smalldisturbance p o t e n t i a l equation f o r a n o n l i f t i n g p a r a b o l i c -a r c a i r f o i l i n a f i n i t e box w i t h uniform g r i d , as shown i n t h e sketch below.
Y I n t r o d u c t i o n

$ = O
= -4TX Y The s t a t e -o f -t h e -a r t o f t r a n s o n i c f l o w c a l c u l a t i o n s has advanced t o t h e p o i n t where twodimensional flows, i n c l u d i n g t h e e f f e c t s o f v i s c o s i t y , can be computed i n a r e l a t i v e l y s h o r t
many people a r e using a program developed a t t h e Courant I n s t i t u t e o f New York U n i v e r s i t y f o r t h e a n a l v s i s of t r a n s o n i c f l o w p a s t a i r f o i l s . 1 This 'd t i m e on modern s e r i a l -t y p e computers. For example, program gives accurate s o l u t i o n s t o t h e f u l lp o t e n t i a l equation, i n c l u d i n g t h e e f f e c t s o f boundary-layer displacement, i n about 2 o r 3 minutes on a CDC CYBER 175 computer. Three-2 dimensional, transonic, f i n i t e -d i f f e r e n c e calcu-
l a t i o n s , however, a r e expensive on t h i s type o f computer. The three-dimensional program developed a t New York U n i v e r s i t y 1 takes about h a l f an hour f o r an i n v i s c i d c a l c u l a t i o n on a f a i r l y crude g r i d .
Although t h i s i s a very simple p h y s i c a l s i t u a t i o n , i t s t i l l has some o f t h e most d i f f i c u l t f e a t u r e s o f It i s hoped t h a t t h e use o f t h e STAR-100 t r a n s o n i c flow f i e l d s as f a r as programing f o r t h e computer w i l l a l l o w accurate, three-dimensional, STAR i s concerned. The governing p a r t i a l different r a n s o n i c flow c a l c u l a t i o n s t o be done economically. t i a l equation i s One way t o achieve t h i s goal i s through t h e development of algorithms which can make f u l l use of t h e unique a r c h i t e c t u r e o f t h e STAR-100. STAR computer has a " p i p e l i n e " type of processor which i s very e f f i c i e n t i o n s on long vectors.$ Unfortunately, t h e b e s t a v a i l a b l e method f o r s o l v i n g t h e t r a n s o n i c potent i a l equation i s successive l i n e o v e r -r e l a x a t i o n (SLOR), which i s n o t amenable t o v e c t o r a r i t h m e t i c . t h e i t e r a t i v e method; t h a t i s , t h e ' c a l c u l a t i o n s a t a p a r t i c u l a r g r i d p o i n t r e q u i r e r e s u l t s from t h e c u r r e n t i t e r a t i o n a t neighboring g r i d p o i n t s and thus cannot be done i n long v e c t o r operations. NASA Langley has declared lhis paper a work of the U.S. Government and lhcrcfore in the public domain where i s the thickness of the parabolic-arc a i r f o i l (which has a u n i t chord). For T = 0.1 I . . . . . . . . ~ and M , = 0.9 t h e flow i s s u p e r c r i t i c a l . In regions where the c o e f f i c i e n t of +xx , i s p o s i t i v e , the f l o w i s subsonic and the equation 1s e l l i p t i c type. I n regions where t h e c o e f f i c i e n t of Qxx i s negative, the f l o w i s supersonic and the equat i o n i s hyperbolic type. The general procedure f o r solving t h i s equation i s t o replace t h e p a r t i a l d i f f e r e n t i a l equation w i t h a f i n i t edifference equation a t each g r i d p o i n t . f i n i t e -d i f f e r e n c e equations are then solved i t e r a t i v e l y .
This t e s t problem represents a simple physical s i t u a t i o n which i s o f l i t t l e p r a c t i c a l i n t e r e s t . A more useful program should a l l o w f o r l i f t i n g flows and should extend t h e outer boundary f a r t h e r away from the a i r f o i l . This could be done e i t h e r by using a stretched g r i d o r by some type of g r l d nesting using a d d i t i o n a l coarse g r i d s around t h e small region considered here. The t e s t case does, however, i n c l u d e t h e major d i f f i c u l t i e s t o be overcome i n using the STAR-100 computer f o r transonic flows. For example, i t has s u p e r c r i t i c a l flow which requires a change from one type of difference equation a t subsonic ( e l l i p t i c ) p o i n t s t o another type of difference equation a t supersonic (hyperbolic) points. I t also requires the use o f an e x p l i c i t i t e r a t i v e scheme t o solve the difference equations if t h e a r i t h m e t i c operations are t o be done using long vector i n s t r u c t i o n s .
These Semi-Implicit S o l u t i o n Method f i n i t e -d i f f e r e n c e equations i s successive l i n e o v e r -r e l a x a t i o n (SLOR). implemented as follows:
The most comnon method used t o solve t h e This i t e r a t i v e scheme i s 
Each i t e r a t i o n i s gen&dted'onl'J+l E x p l i c i t S o l u t i o n Method The e x p l i c i t s o l u t i o n method uses values Of the p o t e n t i a l f u n c t i o n from the two previous i t e r a t i o n s i n order t o update t h e p o t e n t i a l f u n c t i o n f o r the present i t e r a t i o n (thus termed a as f o l l o w s : three-level scheme). The method i s implemented d
Compute u E 1 -M : -( y + l ) M , 2 bX using n n @itl,j +i-l,j +x = 2Ax I f U > 0 (subsonic p o i n t s ) , c e n t r a l d i f f e rences are used a t i t e r a t i o n , o r "time," l e v e l n and the p o t e n t i a l f u n c t i o n i s updated using: If U 0 (supersonic p o i n t s ) , t h e upwind @xx difference i s formed a t "time" l e v e l n-1, w h i l e ' $ i s c e n t r a l l y differenced and averaged i n time r e v e l n. The p o t e n t i a l f u n c t i o n i s updated using 
A von Neumann s t a b i l i t y analysis of t h i s l a s t scheme w i t h t h e U replaced by U shows why the
Ox d e r i v a t i v e i s evaluated a t the n-1 i t e r a t i o n ana why t h e @yy d e r i v a t i v e i s a weighted average between gyy a t t h e i column and my a t the i-1 column. To do the von Neumann anafysis, l e t '$ a t the k t h i t e r a t i o n be
Also l e t mAx = 5 and nay = 11. P u t t i n g these d e f i n i t i o n s i n t o equation (3) 
o d i s t i n g u i s h between subsonic and supersonic p o i n t s . The b i t c o n t r o l vectors provide t h e c a o a b i l i t v of oerformina
Thus, i n o r d e r t o have and s u f f i c i e n t t o have both 1 % 1 and G 1.
The i n e q u a l i t y
This convenient f a c t o r i n g of t h e expression l g [ 5 1, i t i s necessary I p 1 I 1 i m p l i e s t h a t G~W % -.
f o r t h e a m p l i f i c a t i o n f a c t o r was made p o s s i b l e by choosing t h i s p a r t i c u l a r r e p r e s e n t a t i o n for t h e
qXx and @yy d e r i v a t i v e s .
-I n p r a c t i c e t h e c o e f f i c i e n t o f m. . . . I t should be noted t h a t t h i s e x p l i c i t scheme i s n o t o n l y a d i f f e r e n t i t e r a t i v e a l g o r i t h m from t h e s e m i -i m p l i c i t scheme, b u t i t a l s o has a d i f f e r e n t steady-state s o l u t i o n . T h i s difference occurs because of t h e weighted averaging done on both t h e @ term and on t h e c o e f f i c i e n t of t h e $xx term & supersonic p a i n t s .
Convergence and Timing Comparisons
S h o r t computer programs have been w r i t t e n t o s o l v e t h e sample problem using t h e two methods described. The s e m i -i m p l i c i t SLOR method was coded i n standard FORTRAN I V and r u n on a COC CYBER 175 computer (which i s about 235 times as f a s t as a COC 6600 f o r t h i s type of problem). The e x p l i c i t method was coded i n STAR FORTRAN6 and r u n on a COC STAR-100 computer. The STAR code includes t h e use of v e c t o r i n s t r u c t i o n s i n t h e i t e r a t i o n loop. It a l s o i n c l u d e s t h e use of b i t c o n t r o l --,~--~~ ~.~ ~~~~~ c a i c u l a t i b n s o n l y a t supersonic p o i n t s , which a r e c o l l e c t e d i n t o a v e c t o r through t h e "compress" and "expand" t y p e of i n s t r u c t i o n s a v a i l a b l e on t h e STAR.
d
The computations were done on t h r e e d i f f e r e n t g r i d s . Each c a l c u l a t i o n was terminated when t h e value of the l a r g e s t r e s i d u a l i n t h e f l o w f i e l d was l e s s than k (Ax2 + Ay2). Each c a l c u l a t i o n was r u n w i t h experimentally-determined optimum values o f t h e parameters f o r t h a t a l g o r i t h m so t h a t convergence was a t t a i n e d i n a minimum number of c y c l e s . The r e s u l t s i n t h e t a b l e below show t h a t the new t h r e e -l e v e l e x p l i c i t scheme has a slower convergence r a t e than SLOR. However, t h e e f f i c i e n c y of t h i s new scheme on t h e STAR computer i s enough t o make up f o r t h e slower convergence r a t e and s t i l l a l l o w an overa l l r e d u c t i o n i n computing time. Not s u r p r i s i n g l y , t h e speedup i s g r e a t e r f o r t h e cases w i t h f i n e r g r i d s than f o r t h e 40x40 case.
Concluding Remarks
This p r e l i m i n a r y study has shown t h a t a new e x p l i c i t method f o r s o l v i n g t h e t r a n s o n i c smalldisturbance p o t e n t i a l equation on t h e STAR-100 computer can almost h a l v e t h e computer time r e q u i r e d f o r t h i s type of computation when compared t o successive l i n e o v e r -r e l a x a t i o n on t h e CDC CYBER 175 computer. These r e s u l t s a r e l i m i t e d t o a r e l a t i v e l y simple problem w i t h a uniform Cartesian g r i d . Although t h e speedup i s n o t as g r e a t as desired, i t i s enough t o j u s t i f y f u r t h e r study of t h i s method. on t h e convergence r a t e s of t h e schemes should be i n v e s t i g a t e d .
The effects of l i f t and o f g r i d s t r e t c h i n g
Also, t h e new e x p l i c i t scheme should be a p p l i e d t o t h e f u l l p o t e n t i a l equation.
.J There a r e several p o s s i b i l i t i e s f o r o b t a i n i n g f u r t h e r reductions i n computer time. t h e development of more e f f i c i e n t algorithms. Improvements might be made i n t h e convergence r a t e of e x p l i c i t algorithms, o r o t h e r v e c t o r i z a b l e algor i t h m s might be developed. Another p o s s i b i l i t y i s through programing techniques t o g e t successive l i n e o v e r -r e l a x a t i o n t o r u n as e f f i c i e n t l y as p o s s i b l e on t h e STAR-100 computer. method i s s e m i -i m p l i c i t , t h e r e a r e p o r t i o n s o f i t which can be w r i t t e n i n v e c t o r i n s t r u c t i o n s o f s h o r t 1 ength.
One i s through
Although the
